The increase in power density of 0.3, 0.5, 0.6, and 0.7 W cm −2 for hydrogenated amorphous and nanocrystalline silicon (a-Si:H and nc-Si:H) thin lm samples prepared by plasma enhanced chemical vapor deposition technique causes an increase in crystalline volume fraction when the silane concentration is xed. This increase in crystalline volume fraction is correlated to the absorption coecient and refractive index which are determined from ellipsometric measurements. The crystallinity of samples is studied by both Raman and X-ray diraction techniques. A mild change in the optical energy gap around an average value of 1.8 eV is noticed due to the observed change in the degree of crystallinity of the samples when power density increases. Moreover, the ambipolar diusion length measured by the steady-state photocarrier grating technique is found to change with the increase in power density. The values of some obtained optical parameters are compared to a standard crystalline sample.
Introduction
Hydrogenated amorphous and nanocrystalline silicon (a-Si:H and nc-Si:H) have widespread applications in solar cells and transistors in addition to several other electronic devices. The importance of using both a-Si:H and nc-Si:H is due to ability of these materials to absorb light in dierent ranges of wavelengths, 300700 nm and 500 900 nm, respectively. This also allows the expansion of the range of light absorption in any possible fabricated a-Si/nc-Si tandem structured solar cell and may introduce a better eciency. The study of the inuence of different deposition parameters, using the plasma enhanced chemical vapor deposition (PECVD), on the growth of the material is important for understanding of the basic physics of the growth process of thin lms and then on the fabrication of appropriate optoelectronic devices [17] . The ellipsometry, which is an easy and a nondestructive technique, provides information about several optical parameters like refractive index n(hν), extinction * corresponding author; e-mail: rbadran@hu.edu.jo, rbadran_i@yahoo.com A standard experimental setup of SSPG technique [11] is used to conduct measurements at room temperature.
The SSPG measurements are carried out using a HeNe laser of the wavelength of 632.8 nm with a photon ux density of 10
The ratio of the main beam to small-signal beam intensities is chosen to be almost 5 in order to satisfy the requirement of the SSPG technique which implies that the ratio β is independent of it. The voltage is chosen after checking that β did not depend on it, thus insuring that the carrier distribution is governed by diusion-and not by drift transport. The weak beam is chopped to a frequency of 30.8 Hz.
Coplanar Al contacts were used for these electrical measurements where electrode distance is 12 mm. Here,
which is the ratio of the small signal current under coherent conditions with the presence of a grating, J coh , to the small signal current under spatially homogeneous illumination J incoh , has the formula
that depends on the grating period Λ [11, 12] . A well--known Balberg plot of The values of X c for the samples are listed in Table. XRD spectra ( indicates that the exponential absorption tail, here, has a range wider than that of 250300 meV found by others [13] . In addition, this range is obviously wider than that 5060 meV found for a-Si:H samples [5, 14, 15] . The increase in the crystalline volume fraction with increasing power density may cause simultaneous decrease in the grain size and increase the number of nanocrystalline grains. However, the decrease of the Urbach energy with increasing power density indicates the growth of defects and disorders which may be correlated, here, to the increase in the number of nanocrystalline grains and the accompanied grain boundaries. Figure 4 shows the Balberg plots of our experimental data [11, 16] . The least squares t lines to the measured The Eect of Power Density on Diusion Length . . . at substrate temperature, pressure and silane concentration of 220
• C, 1.6 Torr, and 5%, respectively. The dispersion curve of refractive index of c-Si sample is also shown. • C, 1.6 Torr, and 5%, respectively. The absorption spectrum of a typical c-Si sample is compared to our absorption spectra of Si:H samples. [17] . Furthermore, L amb displays some dependence on sample thickness which is associated with the Fermi level pinning at the surface. Moreover, the increase in crystalline volume fraction of lms due to the increase in power density leads to an increase of the number of nanocrystalline grains and accompanied grain boundaries which limit charge transport parallel to the substrate and consequently decreases L amb . However, the resistance to charge transport and consequently L amb are found to exhibit dierent physical relations when grains touch each other from that when they are not in contact [18] . For the amorphous sample S1 (with 0.3 W cm −2 power density) which has relatively the largest thickness (610 nm) compared to that (450, 440, and 410 nm) of other samples, the optical scattering in the volume of nc-Si lms may also contribute to total optical scattering and may lead to a smaller value of ϕ [17] . However, the small value of ϕ leads to an inaccurate measurement of diusion length.
Moreover, a mild change in energy gap (around an average of 1.79 eV) is shown due to the increase in power density in Table. Most of the above results are consistent with the structural behaviour shown by the Raman spectra. However, sample S3 with power density of 0.6 W cm −2 has a strange behaviour in both the transport and optical
properties. This may be attributed to a loose structure of Si:H, which has a lot of defects and disorder. The existence of larger defects and disorder may be due to the 
